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Fundamental Physical Constants — Extensive Listing

Relative std.
Quantity Symbol Value Unit uncert.u,
UNIVERSAL
speed of light in vacuum ¢, co 299792 458 ms! (exact)
magnetic constant o 4t x 1077 NA-2
=12.566370614... x 1077 NA~2 (exact)
electric constant L c? €0 8.854187817... x 10712 Fm! (exact)
characteristic impedance
of vacuum,/ o /€0 = poc Z 376.730313461... Q (exact)
Newtonian constant
of gravitation G 6.6742(10) x 10711 m3kg~'s? 1.5x107*
G/he  6.7087(10) x 1039 (GeV/c*) ™2 1.5x 1074
Planck constant h 6.626 0693(11) x 10734 Js 1.7x 1077
ineVs 4.13566743(35) x 10715 eV's 8.5x 10°8
h/2m h 1.05457168(18) x 1073*  Js 1.7x 1077
inevs 6.58211915(56) x 10716 eV's 8.5x 1078
hcin MeV fm 197.326 968(17) MeV fm 8.5 x 1078
Planck masghc/G)*/? mp 2.176 45(16) x 108 kg 7.5 % 107°
Planck temperaturgic® /G)'/? /k Tp 1.416 79(11) x 1032 K 7.5 % 107°
Planck lengtth/mpc = (hG/c?)Y/?  Ip 1.61624(12) x 10~% m 7.5% 1075
Planck timelp /c = (hG /c®)'/? tp 5.39121(40) x 10~ s 7.5% 1075
ELECTROMAGNETIC
elementary charge e 1.60217653(14) x 107  C 8.5x 1078
e/h 2.41798940(21) x 10 AJ! 8.5 x 1078
magnetic flux quanturh/2e ®q 2.06783372(18) x 1071 Wb 8.5 x 1078
conductance quantuge?/h Go 7.748091733(26) x 107° S 3.3x107?
inverse of conductance quantum G;* 12906.403 725(43) Q 3.3x107°
Josephson constar@e/h Kj 483 597.879(41) x 10° HzVv—! 8.5 x 1078
von Klitzing constarit
h/e? = poc/2a Ry 25 812.807 449(86) 0 3.3x107°
Bohr magnetor#/2m, UB 927.400949(80) x 10726 JT! 8.6 x 1078
inevT! 5.788381804(39) x 1075 eV T ! 6.7 x 1079
us/h 13.996 2458(12) x 10° Hz T-! 8.6 x 1078
us/hc  46.686 4507(40) m-tT-! 8.6 x 1078
ps/k  0.6717131(12) KT-! 1.8 x 1076
nuclear magnetoa’i/2m,, UN 5.05078343(43) x 10727 JT! 8.6 x 1078
inevT! 3.152451259(21) x 10~% eV T! 6.7 x 1079
px/h 7.62259371(65) MHz T—! 8.6 x 1078
px/he  2.54262358(22) x 1072 m-T-! 8.6 x 1078
px/k - 3.6582637(64) x 1074 KT-1 1.8 x 1076
ATOMIC AND NUCLEAR
General
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fine-structure constamt/4tihic a 7.297 352 568(24) x 1073 3.3x107°
inverse fine-structure constant a~t 137.035999 11(46) 3.3x107°
Rydberg constant?m.c/2h Roo 10973 731.568 525(73) m—1 6.6 x 10712
Rooc 3.289841 960 360(22) x 10*® Hz 6.6 x 10712
Roche 2.17987209(37) x 1018 J 1.7 % 1077
RoohcineV 13.605 6923(12) eV 8.5 x 1078
Bohr radiusa/4TiR o, = 4Teoh?/mec? ag 0.5201772108(18) x 10710 m 3.3 x 1070
Hartree energy?/4Teqag = 2Roohe
= a’mec? Ey 4.35974417(75) x 10718 J 1.7 x 1077
in eV 27.211 3845(23) Y, 8.5 x 1078
quantum of circulation h/2me 3.636 947 550(24) x 1074 m? s~1 6.7 x 107
h/me 7.273895101(48) x 1074 m? s! 6.7 x 107°
Electroweak
Fermi coupling constaht Gr/(he)®  1.16639(1) x 107 GeVv—2 8.6 x 1076
weak mixing anglé 6y (on-shell scheme)
sin? Oy = s3y = 1 — (mw/mz)? sin? Oy 0.222 15(76) 3.4 %1073
Electron, e
electron mass Me 9.109 3826(16) x 1031 kg 1.7x 1077
inu, me = A;(e) u (electron
relative atomic mass times u) 5.485 799 0945(24) x 1074 u 4.4 x 10710
energy equivalent Mec? 8.1871047(14) x 10714 J 1.7x 107
in MeV 0.510998 918(44) MeV 8.6 x 108
electron-muon mass ratio Me /My 4.83633167(13) x 1073 2.6 x 1078
electron-tau mass ratio Me /My 2.87564(47) x 10~* 1.6 x 1074
electron-proton mass ratio Me/myp 5.446 1702173(25) x 10~* 4.6 x 10710
electron-neutron mass ratio Me /My 5.438 673 4481(38) x 10~* 7.0 x 10710
electron-deuteron mass ratio Me/Ma 2.7244371095(13) x 1074 4.8 x 10710
electron to alpha particle mass ratio Me /Mg 1.370933 555 75(61) x 10~4 4.4 x 10710
electron charge to mass quotient —e/me —1.758 820 12(15) x 10! Ckg! 8.6 x 1078
electron molar masa/am. M(e), M, 5.4857990945(24) x 10~7 kgmol~t 4.4 x 10710
Compton wavelength /m.c Ac 2.426 310238(16) x 10712 m 6.7 x 107°
A /2T = aag = o2/ATIR Xc 386.159 2678(26) x 1015 m 6.7 x 1079
classical electron radius?ag Te 2.817940325(28) x 10~1° m 1.0 x 1078
Thomson cross section1(@3)r?2 Oo 0.665 245 873(13) x 1028 m? 2.0 x 1078
electron magnetic moment He —928.476 412(80) x 1026 JT! 8.6 x 1078
to Bohr magneton ratio e/ 1B —1.001 159 652 1859(38) 3.8 x 10712
to nuclear magneton ratio e/ 1IN —1838.281971 07(85) 4.6 x 10710
electron magnetic moment
anomaly|pe| /ps — 1 e 1.159 652 1859(38) x 103 3.2 x 1070
electrong-factor —2(1 + a,) e —2.002 319304 3718(75) 3.8 x 10712
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electron-muon
magnetic moment ratio e/ Hy 206.766 9894(54) 2.6 x 1078
electron-proton
magnetic moment ratio te/ Ihp —658.210 6862(66) 1.0 x 1078
electron to shielded proton
magnetic moment ratio e/ 1 —658.2275956(71) 1.1x 1078
(H20, sphere, 25C)
electron-neutron
magnetic moment ratio e/ tin 960.92050(23) 2.4 x 1077
electron-deuteron
magnetic moment ratio e/ thd —2143.923493(23) 1.1 x 1078
electron to shielded helién
magnetic moment ratio He/ 14, 864.058 255(10) 1.2 x 1078
(gas, sphere, 25C)
electron gyromagnetic rat®j ic|/h Yo 1.760 859 74(15) x 1011 s1T1  86x10°8
Yo /2T 28024.9532(24) MHzT-! 8.6x 10~8
Muon, u~
muon mass my 1.88353140(33) x 1028 kg 1.7 x 1077
inu,my = A.() u (muon
relative atomic mass times u) 0.113 428 9264(30) u 2.6 x 1078
energy equivalent My 1.69283360(29) x 10~11 J 1.7 x 1077
in MeV 105.658 3692(94) MeV 8.9 x 1078
muon-electron mass ratio My /Me 206.768 2838(54) 2.6 x 1078
muon-tau mass ratio my /M 5.94592(97) x 1072 1.6 x 1074
muon-proton mass ratio myu/mp 0.112609 5269(29) 2.6 x 1078
muon-neutron mass ratio My /My 0.112454 5175(29) 2.6 x 1078
muon molar massVs my, M(n), M, 0.1134289264(30) x 107% kgmol~' 2.6 x 1078
muon Compton wavelengthymyc ~ Ac 11.73444105(30) x 1071 m 2.5 x 1078
Aou/2m Xcu 1.867594298(47) x 10715 m 2.5 %1078
muon magnetic moment o —4.49044799(40) x 10726 JT1 8.9 x 1078
to Bohr magneton ratio P/ 1B —4.84197045(13) x 1073 2.6 x 1078
to nuclear magneton ratio M/ 1N —8.890 596 98(23) 2.6 x 1078
muon magnetic moment anomaly
1]/ (eh/2my) — 1 ay 1.16591981(62) x 1073 5.3 x 1077
muong-factor —2(1 + ay) Ju —2.002 331 8396(12) 6.2 x 10710
muon-proton
magnetic moment ratio Hu/ tp —3.183345118(89) 2.8 x 1078
Tau, 7~
tau mas$ my 3.16777(52) x 10727 kg 1.6 x 1074
inu,m; = A,(x) u (tau
relative atomic mass times u) 1.90768(31) u 1.6 x 1074
energy equivalent mqc? 2.84705(46) x 10710 J 1.6 x 1074
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in MeV 1776.99(29) MeV 1.6 x 1074
tau-electron mass ratio my/me 3477.48(57) 1.6 x 1074
tau-muon mass ratio my/my 16.8183(27) 1.6 x 1074
tau-proton mass ratio my/my 1.89390(31) 1.6 x 1074
tau-neutron mass ratio me/my 1.89129(31) 1.6 x 1074
tau molar masVam, M(t), My 1.90768(31) x 1073 kgmol~! 1.6 x 107*
tau Compton wavelength/m:c Act 0.69772(11) x 10713 m 1.6 x 1074
Ac1/2m Xox 0.111046(18) x 1015 m 1.6 x 104
Proton, p
proton mass mp 1.67262171(29) x 10727 kg 1.7x 1077
inu,m, = A,(p) u (proton
relative atomic mass times u) 1.007 276 466 88(13) u 1.3 x 10719
energy equivalent mpc? 1.50327743(26) x 10710 J 1.7x 1077
in MeV 938.272 029(80) MeV 8.6 x 1078
proton-electron mass ratio Mmp/Me 1836.15267261(85) 4.6 x 10710
proton-muon mass ratio my/my 8.88024333(23) 2.6 x 1078
proton-tau mass ratio my/my 0.528 012(86) 1.6 x 10~*
proton-neutron mass ratio mp/mny 0.998 623478 72(58) 5.8 x 10710
proton charge to mass quotient e/m, 9.578 833 76(82) x 107 Ckg™! 8.6 x 1078
proton molar masa/,m, M(p), M, 1.00727646688(13) x 1073 kg mol~! 1.3 x 1071°
proton Compton wavelength/m,c  Acp 1.3214098555(88) x 10715 m 6.7 x 107
Ac,p/2T Xop 0.2103089104(14) x 10~'* m 6.7 x 1070
proton rms charge radius R, 0.8750(68) x 1071° m 7.8 x 1073
proton magnetic moment p 1.410606 71(12) x 1026 JT! 8.7x 1078
to Bohr magneton ratio Up/pB 1.521032206(15) x 1073 1.0 x 1078
to nuclear magneton ratio Hp/ 1N 2.792847351(28) 1.0 x 1078
protong-factor2p,, / pn 9p 5.585 694 701(56) 1.0 x 1078
proton-neutron
magnetic moment ratio Fp/ ton —1.459898 05(34) 2.4 x 1077
shielded proton magnetic moment ./, 1.41057047(12) x 1026 JT! 8.7x 1078
(H20, sphere, 25C)
to Bohr magneton ratio to/ 1B 1.520993 132(16) x 1073 1.1x 1078
to nuclear magneton ratio ty/ 1N 2.792 775 604(30) 1.1x 1078
proton magnetic shielding
correctionl — if, / uy, al, 25.689(15) x 1076 5.7 x 1074
(H20, sphere, 25C)
proton gyromagnetic ratidu,, /% o 2.67522205(23) x 10% sIT-t  86x1078
Yp /2T 42.577 4813(37) MHzT-! 8.6x 1078
shielded proton gyromagnetic
ratio 2.,/ oA 2.67515333(23) x 108 s1T1  86x108

(H20O, sphere, 25C)
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/2T 42.576 3875(37) MHzT-1 8.6 x 108
Neutron, n
neutron mass Mn 1.674 927 28(29) x 1027 kg 1.7 x 1077
inu,m, = A,(n) u (neutron
relative atomic mass times u) 1.008 664 91560(55) u 5.5 x 10710
energy equivalent Mnc? 1.505 349 57(26) x 10710 J 1.7 x 1077
in MeV 939.565 360(81) MeV 8.6 x 1078
neutron-electron mass ratio My /Me 1838.683 6598(13) 7.0 x 10710
neutron-muon mass ratio Mn /My 8.89248402(23) 2.6 x 1078
neutron-tau mass ratio My /My 0.528 740(86) 1.6 x 1074
neutron-proton mass ratio My /My 1.001 378 418 70(58) 5.8 x 10710
neutron molar mas&/am,, M(n), M, 1.00866491560(55) x 1073 kgmol~t 5.5 x 10710
neutron Compton wavelengttymyc  Acn 1.3195909067(88) x 1015 m 6.7 x 107
Ac.n /2T XCon 0.2100194157(14) x 1075 m 6.7x 1079
neutron magnetic moment fin —0.966 236 45(24) x 10726 JT! 2.5 x 1077
to Bohr magneton ratio o/ 1B —1.04187563(25) x 1073 2.4 x 1077
to nuclear magneton ratio o/ AN —1.91304273(45) 2.4 x 1077
neutrong-factor2,, / ux On —3.826 085 46(90) 2.4 %1077
neutron-electron
magnetic moment ratio fin/ He 1.040 668 82(25) x 10~3 2.4 x 1077
neutron-proton
magnetic moment ratio [in/Hp —0.684 979 34(16) 2.4 x 1077
neutron to shielded proton
magnetic moment ratio fin/ 1 —0.684 996 94(16) 2.4 x 1077
(H2O, sphere, 25C)
neutron gyromagnetic rat@j i, | /A T 1.83247183(46) x 108 sIT-1 25x1077
Yu /2T 29.164 6950(73) MHz T-! 25x10°7
Deuteron, d
deuteron mass ma 3.343583 35(57) x 10727 kg 1.7 x 1077
inu,mq = A,(d) u (deuteron
relative atomic mass times u) 2.01355321270(35) u 1.7 x 10719
energy equivalent mqc? 3.00506285(51) x 10710 J 1.7x 1077
in MeV 1875.61282(16) MeV 8.6 x 1078
deuteron-electron mass ratio ma/Mme 3670.482 9652(18) 4.8 x 10710
deuteron-proton mass ratio mqa/my 1.999 007 500 82(41) 2.0 x 10710
deuteron molar masiymq M(d), My 2.01355321270(35) x 1073  kgmol! 1.7 x 10710
deuteron rms charge radius Rq 2.1394(28) x 10715 m 1.3x 1073
deuteron magnetic moment Id 0.433073482(38) x 10726 JT! 8.7x 1078
to Bohr magneton ratio pa/ B 0.466 975 4567(50) x 1073 1.1 x 1078
to nuclear magneton ratio ta /1N 0.8574382329(92) 1.1x 1078
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deuteron-electron
magnetic moment ratio /e —4.664 345 548(50) x 10~ 1.1x 1078
deuteron-proton
magnetic moment ratio Ha/thp 0.3070122084(45) 1.5 x 1078
deuteron-neutron
magnetic moment ratio a/ tn —0.448 206 52(11) 2.4 x 1077
Helion, h
helion mas$ my 5.00641214(86) x 10727 kg 1.7x 1077
inu, my, = A,(h) u (helion
relative atomic mass times u) 3.014 932 2434(58) u 1.9 x 1079
energy equivalent myc? 4.499 538 84(77) x 10~ 10 J 1.7x 1077
in MeV 2808.39142(24) MeV 8.6 x 1078
helion-electron mass ratio My /Me 5495.885269(11) 2.0 x 107°
helion-proton mass ratio mn/my, 2.9931526671(58) 1.9 x 107°
helion molar mas&Vamy, M(h), M, 3.0149322434(58) x 1073 kgmol~! 1.9 x107°
shielded helion magnetic moment W —1.074553024(93) x 10726 JT! 8.7x 1078
(gas, sphere, 25C)
to Bohr magneton ratio I/ 1B —1.158 671 474(14) x 1073 1.2 x 1078
to nuclear magneton ratio Hy /N —2.127497723(25) 1.2x 1078
shielded helion to proton
magnetic moment ratio i/t —0.761 766 562(12) 1.5 x 1078
(gas, sphere, 25C)
shielded helion to shielded proton
magnetic moment ratio P/ by —0.761 786 1313(33) 4.3 x107°
(gas/H 0O, spheres, 25C)
shielded helion gyromagnetic
ratio 2|, |/ o 2.03789470(18) x 108 sIT-1  87x1078
(gas, sphere, 25C)
/21 32.4341015(28) MHzT-! 87x1078
Alpha particle o
alpha particle mass My 6.644 6565(11) x 1027 kg 1.7 x 1077
inu,mg = A,(a) u (alpha particle
relative atomic mass times u) 4.001506 179 149(56) u 1.4 x 1011
energy equivalent mgc? 5.9719194(10) x 1010 J 1.7x 1077
in MeV 3727.37917(32) MeV 8.6 x 1078
alpha particle to electron mass ratio M/ Me 7294.299 5363 (32) 4.4 x 10710
alpha particle to proton mass ratio Ma/mp 3.972599 689 07(52) 1.3 x 10710
alpha particle molar mas§mq M(a), My 4.001506179149(56) x 1073 kg mol™* 1.4 x 107!
PHYSICO-CHEMICAL
Avogadro constant Na, L 6.022 1415(10) x 10% mol—! 1.7 x 1077
atomic mass constant
my = 5m(*2C) =1u My 1.660 538 86(28) x 1027 kg 1.7 x 1077
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= 1073 kg mol~!/N,
energy equivalent myc? 1.49241790(26) x 10710 J 1.7 x 1077
in MeV 931.494 043(80) MeV 8.6 x 1078
Faraday constahtVae F 96 485.3383(83) C mol~! 8.6 x 1078
molar Planck constant Nah 3.990312716(27) x 1071 Jsmot? 6.7 x 107°
Nahe  0.119626 565 72(80) Jm mol! 6.7 x 107
molar gas constant R 8.314472(15) Jmolt K=t 1.7x1076
Boltzmann constank/Nx k 1.380 6505(24) x 10723 JK1 1.8 x 1076
ineVK™! 8.617343(15) x 1072 eV K1 1.8 x 1076
k/h 2.0836644(36) x 10'° Hz K1 1.7 x 1076
k/hc  69.50356(12) m-t K1 1.7%x 1076
molar volume of ideal ga®T'/p
T =273.15K, p = 101.325 kPa Vin 22.413996(39) x 1073 m? mol~! 1.7 x 1076
Loschmidt constaniV / Vi, ng 2.686 T773(47) x 10%° m—3 1.8 x 10~
T =273.15 K, p = 100 kPa Vin 22.710981(40) x 1073 m? mol~! 1.7 x 1076
Sackur-Tetrode constant
(absolute entropy constaft)
2 + In[(2run kT /h?)3/ KTy /o)
Ty = 1K, po = 100 kPa So/R  —1.1517047(44) 3.8 x 1076
T, =1K, pg = 101.325 kPa —1.164 8677(44) 3.8 x 1076

Stefan-Boltzmann constant

(T2 /60)k*/ 1> o 5.670400(40) x 108 Wm-2K-* 7.0x10°°
first radiation constantighc? 1 3.74177138(64) x 10716 W m? 1.7 x 1077
first radiation constant for spectral radianée2 c;r, 1.19104282(20) x 1076 wm? sr! 1.7 x 1077
second radiation constaht,/ k Ca 1.438 7752(25) x 1072 m K 1.7x 1076
Wien displacement law constant

b= AmaxT = c2/4.965114231... b 2.8977685(51) x 1073 m K 1.7x 107

! See the “Adopted values” table for the conventional value adopted internationally for realizing representations of the volt using the Joser
son effect.

2 See the “Adopted values” table for the conventional value adopted internationally for realizing representations of the ohm using the quantum F
effect.

3 Value recommended by the Particle Data Group (Hagivtral., 2002).

4 Based on the ratio of the masses of the W and Z bosoggmz recommended by the Particle Data Group (Hagiweral., 2002). The value for
sin?fyw they recommend, which is based on a particular variant of the modified minimal subtri@gipscheme, isin?6w (Mz) = 0.231 24(24).

5 The helion, symbol h, is the nucleus of thde atom.

5 This and all other values involving:, are based on the value of.c? in MeV recommended by the Particle Data Group, (Hagiwata|.,

2002), but with a standard uncertainty®29 MeV rather than the quoted uncertainty-ef.26 MeV, +0.29 MeV.

" The numerical value of to be used in coulometric chemical measuremends #35.336(16) [1.7 x 10~ 7] when the relevant current is mea-
sured in terms of representations of the volt and ohm based on the Josephson and quantum Hall effects and the internationally adopted convent
values of the Josephson and von Klitzing constdfis oo and Rk _go given in the “Adopted values” table.

® The entropy of an ideal monoatomic gas of relative atomic st given byS = Sy + 2R In A, — R In(p/po) + 2R In(T/K). ® The

relative atomic masd, (X) of particle X with massn(X) is defined byA, (X) = m(X) /my, wherem, = m(**C)/12 = M,/Na = 1 uis the

atomic mass constania is the Avogadro constant, and u is the atomic mass unit. Thus the mass of particle Xrin(X)s= A.(X) u and the

molar mass of X isV/ (X) = Ay (X) M.
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10 This is the value adopted internationally for realizing representations of the volt using the Josephson effect.

' This is the value adopted internationally for realizing representations of the ohm using the quantum Halt &fésis the lattice parameter

(unit cell edge length) of an ideal single crystal of naturally occurring Si free of impurities and imperfections, and is deduced from measuremer
on extremely pure and nearly perfect single crystals of Si by correcting for the effects of impurities.

Source: Peter J. Mohr and Barry N. Taylor, CODATA Recommended Values of the Fundamental Physical
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